We present new measurements about the tunneling conductance in the borocarbide superconductor TmNi 2 B 2 C. The results show a very good agreement with weak coupling BCS theory, without any lifetime broadening parameter, over the whole sample surface. We detect no particular change of the tunneling spectroscopy below 1.5K, when both the antiferromagnetic (AF) phase and the superconducting order coexist.
less, it remains very difficult to get accurate information from the most simple measurement one can do with STM/STS, the zero field tunneling conductance curves. Indeed, the fitting of the measured curves by any kind of model requires the introduction of an ad'hoc broadning parameter [7] which is supposed to account phenomenologically for uncharacterized pair-breaking effects, and whose magnitude is often comparable to that of the gap itself.
So only the zero field curves obtained in the most simple superconductors (as e.g. Pb, Nb or Al [8] [9] [10] [11] ) have been successfully fitted by BCS or Eliashberg theory. The broadening parameter appears also when data are be obtained using other related techniques such as break-junctions, point contact spectroscopy, or planar junctions in the more complex materials (as for example heavy fermions or borocarbides [12] [13] [14] [15] ).
Here we present new data in TmNi 2 B 2 C. This compound belongs to the family of the borocarbide superconductors (RENi 2 B 2 C where RE is a rare earth; RE = Lu, Y, Tm, Er, Ho. . . ) [16] [17] [18] [19] . These systems present rich phase diagrams showing coexistence or competition between superconductivity and a magnetic order of the RE spins (when they have a magnetic moment) [19] . In the Tm compound the superconducting and Neel critical temperatures are well separated (T c = 10.5K, and T N = 1.5K) [20, 18, 19] and in the antiferromagnetic phase, the spins of the Tm ions order in a transversely polarized spin density wave with an incommensurate modulation of the magnetic moments [18, 21] . To our knowledge, no previously published tunneling experiment is available in this compound. The tunneling experiments reported up to now in nonmagnetic compounds and the point contact spectroscopy data in magnetic compounds [6, 5, 14, 15] have never shown a simple BCS density of states N BCS (E) and the conductance curves were all severely broadened. Therefore, the possible presence of low energy excitations as well as the form of the superconducting gap in the coexistence region were masked by extrinsic broadening. Here we present tunneling spectra that do not show any additional broadening, even in the antiferromagnetic phase.
These data present a significant advance in tunneling spectroscopy and they should allow further progress on the detailed study of the superconducting ground state of borocarbides.
We have used a STM with an x-y table that permits coarse mouvement in a 2x2 mm 2 region in a 3 He insert, and where the sample holder is cooled down to 0.8K. The tip is prepared from a gold wire cut with a clean blade. We measured several samples (of dimensions about 1x1x1 mm 3 ), prepared by breaking the same single crystal platlet grown by a flux technic described in [16, 22] . The best results were obtained with the samples which were mounted on the STM and cooled down immediately after breaking, so that the surface remained no more than several minutes at ambient pressure (about 10 in most cases). They show good quality, highly reproducible spectra over the whole surface. The topographic images ( Fig.1) are always of good quality, and independent of the tunneling resistance. They
show an irregular structure with cluster-like forms, with a diameter of the order of 20-30 nm on planes of about 30-60 degrees. In spite of intensive search with the x-y table, we were unable to find sufficiently flat zones to obtain atomic resolution. These results are similar to the observations made in other borocarbides [5] .
It is well known that proper RF filtering is essential to do tunneling or point contact spectroscopy in superconductors [1] . This is specially important in an STM set-up as the tunneling current is of the order of nA or lower (we use tunneling resistances between 1MΩ and 10MΩ): this is several orders of magnitude smaller than in a normal planar junction experiment. In TmNi 2 B 2 C, we have found an important difference between measurements obtained at the same temperature and with the same surface preparation but in two different cryostats. The same low noise STM electronics was used on both setup but one had filters and the other none. In the unfiltered setup we find a fictitious finite conductance at zero bias and we need to introduce a broadening parameter Γ ≈ 0.3∆ [7] , comparable to the 3 values obtained in previous works [6, 5, 14, 15] . On the contrary, the curve measured with appropriate shielding can be accurately fitted to the conventional BCS expression, using the superconducting gap ∆ and the temperature T as the only fitting parameters. We use room temperature RF feedthrough filters and thermocoaxial cables for all the electrical connections of the STM. The results presented in this paper have been verified on three different samples measured in the filtered set-up, two of them with the surface parallel to the a-b plane, and one of them with the surface parallel to the c axis of the tetragonal crystal structure. No significant differences were found. Note nevertheless that the surface (Fig.1) consists of inclined planes that do not correspond to a clear crystallographic direction.
For the curve in Fig.2a , the best fit to the experiment (line on Fig.2a ) is obtained with ∆ = 1.4mV and T = 2K. The upper limit to any broadening parameter is (Γ < 0.001∆).
Note that the temperature obtained from the fit is larger, by 0.2 K, than the actual sample temperature. Indeed, the quasiparticle anomaly at ∆ is not as peaked as expected from BCS theory and adding a finite Γ does not give an appropriate fit, as it immediately results in increasing the zero bias conductance. It could be that we still need a better filtering, but our measurements in Pb and Al samples down to lower temperatures (400 mK [23] ) have shown that our (relative) spectral resolution is sufficiently good to resolve such details. A more likely explanation is that the superconducting gap has a small anisotropy. Indeed, a marked anisotropy or the presence of different gaps results in the appearance of different maxima in the density of states at T = 0K and therefore in a broadened quasiparticle peak at finite temperature, without adding additional conductance at zero bias [1, 11] . For instance, the measured tunneling conductance in the superconductor NbSe 2 shows a quasiparticle anomaly that is much less peaked than expected from BCS theory. It also has a marked structure possibly corresponding to the very large anisotropy of the superconducting gap found in that compound [2, 4, 11] . In our case, the decrease in peak intensity is much smaller so that a slight dispersion in the value of the measured gap of the order of several percent of raises the same problems as those discussed in Ref. [14] . In this work, tunneling spectroscopy has been performed on the Y and Lu compounds with break-junctions. The curves show significant broadening, and yield a large range of ratios of ∆/k B T c (depending on the surface or junction quality). But the weak-coupling regime was put forward because these ratios are systematically lower or equal than the BCS value. Our results on the Tm compound also strongly support weak coupling superconductivity, thanks both to the absence of broadening and to the reproducibility of the results over very large surface areas.
On the other hand, analysis of the specific heat jump at T c , and of the low temperature regime of the specific heat, implies a rather small ratio of T c /ω where ω is some average frequency of the phonon spectrum [1] , meaning strong to intermediate coupling. spectrum. In addition, ω between 150K and 200K implies the appearance of anomalies characteristic for strong coupling superconductivity clearly within our experimental resolution on the tunneling density of states between 13 and 17mV [1] , which neither we nor the authors of Ref. [14] have observed. By contrast ω ≈ 490K, proposed for the two band model of the upper critical field in Ref. [30] , fits much better our results. But this leaves the problem of the discrepancy with the thermodynamic data unsolved. The solution to these contradictions may lie in the complex phonon spectrum (see references and a model spectrum in [32] ), and again on the multiband structure of the Fermi surface in borocarbide superconductors. They may yield different results for the average frequency involved in the specific heat, the gap, or the upper critical field [33] . This looks somewhat paradoxical in these compounds which, except for their magnetic properties, show rather isotropic behavior in the normal phase.
As regard the lack of signature of the antiferromagnetic order in the tunneling spectra, it might be explained more intuitively. For example, one could invoke that the period of the incommensurate magnetic modulation is of the order of 2.5nm, which is small compared to the superconducting coherence length ξ 0 = 12 nm [19, 34] . This means that the variation of the local magnetic moment is averaged out on the superconducting coherence length or, in qspace, that the superconducting order does not make any change on the susceptibility χ(q) at the antiferromagnetic wave-vector Q >> 1/ξ 0 . In order to test more exotic possibilities, like a local depression of the superconducting gap or the presence of new magnetic excitations of longer period, not detected by other techniques, we made local spectroscopy measurements.
An I-V curve is done at a given set of pixels in a topography image. From the difference dI/dV (V > ∆) − dI/dV (V < ∆) we can test the local appearence of low energy excitations.
But we obtained essentially flat images giving dI/dV (V > ∆) − dI/dV (V < ∆) = 1 within 5%, as shown in Fig.4 for a 240x240nm scan.
We do not know of any previous measurements of the tunneling conductance in an antiferromagnetic superconductor. Indeed, it is well known, mainly through macroscopic measurements as resistivity or specific heat, that an antiferromagnetic order coexists with superconductivity in this compound [19, 20] . But their mutual influence is a hotly debated issue (see [21] and [35] ) and the predictions remained ambiguous. For instance, the authors of Ref. [36] point towards the possible existence of a line of nodes in the superconducting gap in the antiferromagnetic phase of TmNi 2 B 2 C. We have now ruled out this possibility.
In conclusion, we have studied the superconducting gap of TmNi 2 B 2 C as a function of temperature. The results can be fitted to conventional, BCS, weak-coupling theory in the whole temperature range. We did not detect any change of the superconducting phase when the antiferromagnetic order appears. 
